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Introduction
The following agreements were made so far.
Agreement:
When GC-PDCCH is configured, explicit indication via GC-PDCCH is supported as a mechanism to inform the UE that one or more carriers and/or LBT bandwidths are not available or available for DL reception, at least for slot(s) that are not at the beginning of DL transmission burst.
· FFS: Signalling details of the indication, including e.g., the time domain validity of the indication
· FFS: Whether and how to support the mechanism at the beginning of DL transmission burst
· FFS: Whether and how to handle the case when GC-PDCCH is not configured or not received by the UE
Agreement:
Support bit field corresponding to available LBT bandwidths in GC-PDCCH (add a bitmap in the GC-PDCCH DCI)

At RAN#84, NR-U prioritization listed the following issues as essential or optimizations:
Essential
· Channel occupancy time and frequency domain structure indication for LBE
· UE COT detection for FBE
· gNB control for the Cat 4 UL transmission (including CG) switching to cat 2 when fall in gNB COT
· Behavior when P/SP-CSI-RS fail to transmit due to LBT
Optimizations
· CSI-RS enhancement outside of DRS
· More opportunities for CSI-RS to compensate the possible LBT failure
· A-TRS directly QCL with SSB

In this contribution, we discuss the design of DL signals and channels for unlicensed NR. This contribution is a revision of R1-1908764.

Discussion
COT structure indication
Channel occupancy time and frequency domain structure indication for LBE
Like LTE-LAA, information of time-domain COT indication including direction (DL, UL or flexible) and COT length are useful for many purposes (e.g. relaxing PDCCH monitoring, improving accuracy of channel measurement, reducing Tx/Rx process complexity, skipping channel sensing, and so on). 
Although SFI indicates information on direction of transmission (DL, UL, or flexible), COT duration is not delivered in Rel-15 NR. Therefore, NR-U needs enhancement for indicating the remaining COT duration. We categorize two COT indication mechanisms: 
(1) new state (e.g. out-of-COT state) is defined in SFI, 
(2) remaining COT duration is carried with legacy SFI separately. 
In (1), new state such as out-of-COT state could be considered in addition to legacy state (DL, UL, and flexible). If out-of-COT is indicated by gNB, UE could assume that channel is not acquired at that indicated timing. On the other hand, if legacy state (DL, UL, or flexible) is indicated, UE could assume that channel is acquired at that indicated timing. For (1), since a new state has to be specified, there will be a large specification impact. In addition, for (1), all possible slot format combinations considering direction and COT duration can be configured, so that a lot of RRC signaling would be required. Therefore (2), carrying the remaining COT duration in the legacy SFI, is preferable. To keep low DCI signaling overhead, information of COT duration should be minimized, e.g. combination of “the end slot of COT” and “the end symbol of COT”.
Proposal 1:  On top of SFI, GC-PDCCH should carry a field of COT duration.

COT structure indication for FBE
According to ETSI BRAN [2], a device can operate on the 5 GHz unlicensed band using the Frame Based Equipment (FBE) framework. In the FBE framework, fixed frame period, channel occupancy time, and idle period are defined as shown in Figure 1. The fixed frame period could be configurable within a range of 1 msec to 10 msec, and the idle period shall be at least 5% of the channel occupancy time and a minimum of 100 usec. An initiating device has to perform Cat.2 LBT (one-shot CCA) at the time immediately before the boundary of the fixed frame period. Depending on LBT outcome, the initiating device that acquires the channel could then occupy the channel for the channel occupancy time. The initiating device is allowed to transmit signals during the channel occupancy time, while any signal transmission is prohibited during the idle period.
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Figure 1: Frame Based Equipment
Two types of channel access mode (LBE and FBE) would be applicable to Rel-16 NR-U. Although gNB can choose channel access mode (LBE or FBE) depending on deployment, it is necessary to inform the UE of the applied channel access mode, because the channel access mechanism for the initiating device is different between LBE and FBE. For example, a difference exists between LBE and FBE when the UE becomes an initiating device for PRACH transmission and configured grant transmission. In the case of transmission of these UL channels, Cat.4 LBT must be applied for LBE as agreed, while Cat.2 LBT must be applied for FBE. In order to meet ETSI requirements, the UE has to be aware of the channel access mode.
In addition to channel access mode, informing the UE of the fixed frame period would be beneficial to the UE. By knowing information on the fixed frame period (e.g. starting point and duration), the UE is aware of LBT timing.
Since LBT category and timing have to be known before PRACH transmission, these FBE parameters should be indicated to the UE through RMSI. Channel access mode (FBE or LBE) could be implicitly indicated whether FBE related parameters such as the fixed frame period is presence or absence.
Proposal 2: Parameters of channel access mode (FBE or LBE) and frame period should be indicated to the UE through RMSI.

Dynamic PDCCH monitoring
A Load-Based Equipment (LBE) device has to transmit any signal immediately after LBT has succeeded, while NR is a slot-based system. Considering channel utilization efficiency on the unlicensed band, it would be desirable to minimize the use of reservation signals used only for occupying the channel. In principle, NR-U should be designed such that PDSCH is efficiently transmitted on any initial partial slot. Non-slot-based PDSCH transmission was supported in Rel-15 NR, which should be reused for NR-U. However, requiring that the UE always monitors PDCCH for non-slot-based PDSCH scheduling causes high power consumption for the UE due to frequent monitoring. Therefore, dynamic switching of PDCCH monitoring periodicity should be considered in NR-U. 
Proposal 3: Dynamic switching of PDCCH monitoring periodicity should be supported in NR-U.
Next, mechanisms for how to switch PDCCH monitoring periodicity need to be considered. We can consider UE behavior at each of three phases. Figure 2 illustrates UE PDCCH monitoring functionality during the three phases.
Phase A: a slot outside gNB’s COT
In this phase, the UE assumes that there is no downlink resource provided from the serving cell. To detect the beginning of COT with low power consumption, the UE attempts to detect a signal for the purposes of power saving. If the UE succeeds in detecting the signal, then the UE can recognize when the gNB’s COT starts and then UE behavior transits from phase A to phase B. According to the agreement at NR-AH1901 meeting [1], the signal for the purpose of power saving would be DMRS of [PDCCH / GC-PDCCH] and/or a preamble.
In addition, just in case the UE misses detection of the signal for the power saving purpose, the UE attempts to decode GC-PDCCH in the slot-based scheduling search space. If the GC-PDCCH is successfully decoded, the UE can acquire information of the COT structure and then UE behavior transits from phase A to phase C since the slot where the GC-PDCCH is decoded is not an initial partial slot.
Phase B: an initial partial slot of gNB’s COT
This phase B starts after detecting the COT starting point. In this phase, the UE assumes that the duration from the COT starting point to the next slot boundary is an initial partial slot. The UE attempts to decode PDCCH for non-slot-based PDSCH scheduling. If time reaches the next slot boundary, UE behavior transits from phase B to phase C.
Phase C: a slot inside gNB’s COT other than the initial partial slot
In this phase, the UE attempts to decode both GC-PDCCH and PDCCH. However, since requiring that the UE always monitors PDCCH for non-slot-based PDSCH scheduling causes high power consumption for the UE due to frequent monitoring, the UE does not need to attempt to decode PDCCH in a non-slot-based scheduling search space for initial partial slot utilization. It is noted that the UE can attempt to decode PDCCH in a non-slot-based scheduling search space if it is configured for purposes other than initial partial slot utilization. If time reaches the end of COT indicated on this slot or the previous slot, or if neither a PDCCH is decoded nor a signal from serving cell is detected at the beginning of slot, UE behavior transits from phase C to phase A.
Proposal 4: The following UE behavior should be supported.
· For a slot outside gNB’s COT (Phase A), the UE both attempts to detect a signal for power saving purposes on occasions where the signal is potentially transmitted and attempts to decode GC-PDCCH in the slot-based scheduling search space.
· For an initial slot in the gNB’s COT (Phase B), the UE attempts to decode PDCCH in a non-slot-based scheduling search space.
· For a slot inside the gNB’s COT other than the initial slot (Phase C), the UE attempts to decode GC-PDCCH and PDCCH in the slot-based scheduling search space.
· If configured, the UE can attempt to decode PDCCH in the non-slot-based scheduling search space.
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Figure 2: Dynamic switching of PDCCH monitoring periodicity depending on slot type

Conclusions
In this contribution, based on the above discussion we have the following proposals:
Proposal 1:  On top of SFI, GC-PDCCH should carry a field of COT duration.
Proposal 2: Parameters of channel access mode (FBE or LBE) and frame period should be indicated to the UE through RMSI.
Proposal 3: Dynamic switching of PDCCH monitoring periodicity should be supported in NR-U.
Proposal 4: The following UE behavior should be supported.
· For a slot outside gNB’s COT (Phase A), the UE both attempts to detect a signal for power saving purposes on occasions where the signal is potentially transmitted and attempts to decode GC-PDCCH in the slot-based scheduling search space.
· For an initial slot in the gNB’s COT (Phase B), the UE attempts to decode PDCCH in a non-slot-based scheduling search space.
· For a slot inside the gNB’s COT other than the initial slot (Phase C), the UE attempts to decode GC-PDCCH and PDCCH in the slot-based scheduling search space.
· If configured, the UE can attempt to decode PDCCH in the non-slot-based scheduling search space.
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